Introduction {#j_helm-2020-0022_s_001}
============

Among tapeworms belonging to the genus *Hymenolepis*, three species are medically relevant and are commonly found worldwide in sites where murid rodents occur: *Hymenolepis nana* (Siebold, 1852), *Hymenolepis diminuta* (Rudolphi, 1819), and *Hymenolepis microstoma* ([@j_helm-2020-0022_ref_011]) [@j_helm-2020-0022_ref_003] ([@j_helm-2020-0022_ref_008]). *Hymenolepis* (= *Rodentolepis*) *microstoma*, the mouse bile duct tapeworm, has a wide variety of reported definitive hosts of rodent genera as mice ([@j_helm-2020-0022_ref_020]), rats ([@j_helm-2020-0022_ref_017]), hamsters ([@j_helm-2020-0022_ref_004]), voles ([@j_helm-2020-0022_ref_028]), and gerbils ([@j_helm-2020-0022_ref_044]). A zoonotic potential of this tapeworm was indicated by a single report in which mixed infections of *H. nana* and *H. microstoma* were identified in four humans from a remote region of Western Australia ([@j_helm-2020-0022_ref_032]). *H. microstoma* is recognized as requiring an appropriate tenebrionid grain beetle or other insect as intermediate host (originated mostly from *Tribolium* and *Tenebrio* genera), in which the eggs develop into cysticercoids after ingestion ([@j_helm-2020-0022_ref_004]; [@j_helm-2020-0022_ref_048]). Nevertheless, the feasibility of a direct life cycle in immunodeficient mice has also been demonstrated for the mouse bile duct tapeworm (Andreassen *et al*., 2004).

*H. microstoma* has attracted considerable attention since it was first described by Dujardin in 1845. In 1891, Blanchard relocated the species to the genus *Hymenolepis* and provided a more detailed description of the species. Since 1950s, *H. microstoma* is being commonly used as an experimental model. Due to its easy maintenance in the laboratory in mice host and short life cycle, *H. microstoma* has been established as a preferable model to both *H. nana* and *H. diminuta*, the maintenance of which is more costly ([@j_helm-2020-0022_ref_007]). Moreover, the mouse bile duct tapeworm is one of the four tapeworm species having its complete genome assembled and characterized ([@j_helm-2020-0022_ref_008]; [@j_helm-2020-0022_ref_052]). Although adult *H. microstoma* specimens may be differentiated based on morphological characteristics and predilection site ([@j_helm-2020-0022_ref_002]; [@j_helm-2020-0022_ref_009]), in some cases these characteristics are difficult to use, especially when dead animals are sampled (e.g. in national parks) and the carcasses (along with their intestinal parasites) are in some stage of decay. Furthermore, a variety of other hymenolepidid species, morphologically similar to *H. microstoma*, can potentially infest free-living small mammals ([@j_helm-2020-0022_ref_041]). Thus, the use of molecular tools, especially in cases when identification via morphology is ambiguous, is essential for identifying and classifying species ([@j_helm-2020-0022_ref_040]). The study was designed to survey the occurrence of *H. microstoma* in free-living small mammals in selected areas of Slovakia and to conduct a retrospective analysis of epidemiological data published in Slovakia. In addition, the genetic typing at species level of collected isolates was carried out.

Materials and Methods {#j_helm-2020-0022_s_002}
=====================

Collection of small mammals and isolation of tapeworms {#j_helm-2020-0022_s_002_s_001}
------------------------------------------------------

Small mammals were obtained from two different ecosystems, specifically from the protected area of the Tatra National Park (TANAP) and the surroundings situated in north Slovakia and from the urban area of Košice city and Rozhanovce village, in southeast of Slovakia.

In Tatra National Park and its surroundings, small mammals were trapped during 2015 and 2016 within the zoological survey carried out after the wind storm in November 2004 or found dead by workers of Research Station and Museum of TANAP or by inhabitants and visitors of national park.

Wooden nutrient traps placed in a square grid (mesh size 15 x 15 m) on square dimensions of 75 x 75 m were used to capture small mammals in Stará Lesná, Tatranská Lomnica, Tatranské Matliare, Hrebienok, Smokovec pod Hrebienkom, Spišská Sobota or their close vicinity. For the collection of protected animal species, an "Exception for the approach outside of tourist trails, and for the collection, holding and relocation of dead protected animal species for museum processing and scientific research" was obtained from the Ministry of Environment of the Slovak Republic (MŽP SR 498/2018-6.3.).

In TANAP and its surroundings a total of 128 small mammals were sampled. In Košice city and Rozhanovce village and the vicinity, 58 synanthropic small mammals found dead (after road accidents, poisoning etc.) were collected ([Table 1](#j_helm-2020-0022_tab_001){ref-type="table"}).

###### 

List of small mammal species collected from two localities in eastern and northern Slovakia.

  Locality                                              Animal species                   No. of tested individuals
  ----------------------------------------------------- -------------------------------- ---------------------------
  **Tatra National Park and surroundings**              Brown rat (*Ratus norvegicus*)   1
  House mouse (*Mus musculus*                           12                               
  Striped field mouse (*Apodemus agrarius)*             4                                
  Yellow-necked mouse (*Apodemus flavicollis*)          21                               
  Common shrew (*Sorex araneus*)                        38                               
  Eurasian pygmy shrew (*Sorex minutus*)                14                               
  Alpine shrew (*Sorex alpinus*)                        1                                
  Mediterranean water shrew (*Neomys anomalus*)         1                                
  Common vole (*Microtus arvalis)*                      1                                
  Field vole (*Microtus agrestis*)                      5                                
  Bank vole (*Clethrionomys glareolus*)                 26                               
  European mole (*Talpa europaea*)                      4                                
                                                                                         
                                                        Brown rat (*Ratus norvegicus*)   21
  Košice city and Rozhanovce village and surroundings   House mouse (*Mus musculus*)     7
  European hamster (*Cricetus cricetus*)                2                                
  Eurasian harvest mouse (*Micromys minutus)*           1                                
  H*azel dormouse* (*Muscardinus avellanarius)*         1                                
  Striped field mouse (*Apodemus agrarius)*             2                                
  Yellow-necked mouse (*Apodemus flavicollis)*          2                                
  Lesser shrew (*Crocidura suaveolens)*                 5                                
  Eurasian pygmy shrew (*Sorex minutus)*                3                                
  Common shrew (*Sorex araneus)*                        2                                
  Common vole (*Microtus arvalis)*                      4                                
  European pine vole (*Microtus subterraneus)*          7                                
  European mole (*Talpa europea*)                       1                                
                                                                                         
                                                        **TOTAL**                        **186**

Small mammals were autopsied; intestinal tract was isolated, opened and searched for the presence of tapeworms. Whole isolated tapeworms or their parts were individually placed into the 1.5 mL microcentrifuge tubes and used for molecular analyses. Unfortunately, due to the poor *post-mortem* status of carcasses with the developing decay, it was impossible to characterize the tapeworms by morphological features.

Molecular analyses {#j_helm-2020-0022_s_002_s_002}
------------------

Individual tapeworms (or their parts) were analysed by PCR-derived methods. For this purpose, genomic DNA was isolated by DNeasy tissue kit (Qiagen, Hilden, Germany**)** according to the manufacturer´s instructions. PCR reactions were performed using 5x FIREPol® Master Mix Ready to Load (SOLIS Biodyne, Estonia). The first internal transcribed spacer region (ITS1) with adjacent partial subunits (18S, 5.8S) of ribosomal DNA and the nuclear gene coding for paramyosin (*pmy*) gave satisfactory DNA profiles in single isolates allowing to derive their relationships with other hymenolepidids using GenBank® deposited sequences. Primers amplifying the ITS1 region (F3, R3) and running conditions were those previously described in [@j_helm-2020-0022_ref_031]. The final PCR product included 22 bp of the 18S, 587 bp of the ITS1 and 23 bp of the 5.8S (in total 632 bp). For the *pmy* amplification, a nested PCR approach was employed according to the protocol provided in the above study. Using the external set of primers (Ext-F, Ext-R) a 700 bp product was first amplified. The internal set of primers then amplified DNA template from the primary PCR reaction, resulting in a 617 bp product for *H. microstoma*. Compositions of primers and running conditions for primary and secondary nested PCRs were those outlined in [@j_helm-2020-0022_ref_031], except that 40 cycles were carried out in both reactions.

Phylogenetic analyses {#j_helm-2020-0022_s_002_s_003}
---------------------

The consensus sequences were screened against the GenBank® database using the BLAST algorithm. For the ITS1 region, nucleotide sequences were aligned using the WebPrank global alignment tool ([@j_helm-2020-0022_ref_029]) to better identify structural constraints of transcribed but not translated regions that include several indels. For the *pmy* gene, sequences were aligned using the Clustal Omega tool for multiple sequence alignment ([@j_helm-2020-0022_ref_046]). Phylogenetic trees were constructed by MEGA7 software ([@j_helm-2020-0022_ref_026]), using the neighbor-joining (NJ) method. Evolutionary distances were computed using the Tamura-3-parameter model of nucleotide substitutions, taking into account differences in transitional and transversional rates and G+C-content bias ([@j_helm-2020-0022_ref_050]).

*Retrospective bibliographical search on* Hymenolepis microstoma *occurrence* {#j_helm-2020-0022_s_002_s_004}
-----------------------------------------------------------------------------

To retrospectively verify records on the occurrence and distribution of *H. microstoma* in Slovakia over the last decades, a key inclusion criterion was a comprehensive ´Synopsis of Cestodes in Slovakia´, covering detailed data on hosts, localities and occurrences of tapeworms in small mammals and birds in Slovakia since 1955, and published during 1993 -- 1999 as a series of articles, two of which provided records on the family Hymenolepididae ([@j_helm-2020-0022_ref_018]; [@j_helm-2020-0022_ref_019]). In addition to this checklist, in particular for covering the synoptical period onwards, a bibliographical search of available literature in scientific databases (PubMed, ISI Web of Knowledge, SCOPUS, ScienceDirect and Google Scholar) was conducted to find studies reporting the occurrence of *H. microstoma* in small mammals in Slovakia. The following key terms and their combinations were used for the database searches: *Hymenolepis microstoma, Rodentolepis microstoma*, *Vampirolepis microstoma*, Slovakia, Slovak Republic and Czechoslovakia. Besides, the books, journals and annual reports deposited in the Library of the Institute of Parasitology of Slovak Academy of Sciences were searched.

Ethical Approval and/or Informed Consent {#j_helm-2020-0022_s_003}
========================================

The research related to animals has been complied with all the relevant national regulations and institutional policies for the care and use of animals.

Results {#j_helm-2020-0022_s_004}
=======

*Occurrence of* Hymenolepis microstoma *in small mammals in Slovakia* {#j_helm-2020-0022_s_004_s_001}
---------------------------------------------------------------------

From a total of 186 examined animals collected from the two localities in eastern and northern Slovakia, in 32 small mammals hymenolepidid tapeworms were detected. All individual tapeworms or their parts were examined molecularly, in scope of which the ITS1 and paramyosin markers were amplified. Ten isolates gave positive PCR signal with either DNA region and were subsequently sequenced. As a result, two isolates from two animal species coming from different ecosystems were identified as *H. microstoma*.

The first isolate (assigned as SK-CS) originated from the common shrew (*Sorex araneus*) caught in surroundings of Tatranské Matliare village (TANAP, north Slovakia). The second isolate (assigned as SK-EH) was obtained from the European hamster (*Cricetus cricetus*), which was found dead in an urban ecosystem of Košice city in south-east of Slovakia.

Gene sequences obtained in the study were deposited in Gen-Bank® under accession numbers MN617852 for a SK-CS isolate (common shrew, Tatranské Matliare) and MN620506 for a SK-EH isolate (European hamster, Košice).

*Genetic analyses of* Hymenolepis microstoma *isolates* {#j_helm-2020-0022_s_004_s_002}
-------------------------------------------------------

A consensus sequence of 617 bp was obtained from the amplification of the partial *pmy* gene in the SK-CS isolate. A two-base-deletion at positions 506 and 507 was identified in SK-CS compared to other *Hymenolepis* spp. with available sequences, *H. nana*, *H. microstoma*, *H. diminuta* and *H. citelli*. In the N-J phylogram, the SK-CS sample clustered together with *H. microstoma* and *H. nana* (100 % bootstrap support), in the subclade composed of SK-CS and *H. microstoma* that also received a high bootstrap value (84 %) for its differentiation from *H. nana* ([Fig. 1](#j_helm-2020-0022_fig_001){ref-type="fig"}). The percentage nucleotide difference between the *H. microstoma* sequence derived from a Portuguese mouse isolate (the sequence provided by [@j_helm-2020-0022_ref_030]) and the SK-CS isolate was 4.86 %.

![Neighbor-joining (NJ) phylogram generated from the sequences of the paramyosine (*pmy*, 617 bp) partial gene showing the relationships among the SK-CS isolate from common shrew in Slovakia and GenBank-retrieved hymenolepididae sequences. Reference sequence for *Hymenolepis microstoma* (Hm) and *H. citelli* (Hc) were taken from the PhD thesis of [@j_helm-2020-0022_ref_030]. *Taenia solium* cestode was used as the outgroup. Numbers next to the branches indicate the bootstrap value calculated from 1,000 replicates. Only bootstrap values \>50% are shown at the branching points. Species involved in the phylogram: *H. microstoma* (Hm), *H. nana* (Hn), *H. diminuta* (Hd), *H. citelli* (Hc), *Taenia solium* (Ts). Geographical origins of the isolates: POR -- Portugal, AUS -- Australia, UK -- United Kingdom, MEX -- Mexico.](helm-57-120-g001){#j_helm-2020-0022_fig_001}

The analysis of the ITS region and the adjacent rRNA partial genes (18S, 5.8S) of the total size of 632 bp showed that the SK-EH isolate was grouped with seven *H. microstoma* specimens (Australia, Spain, Portugal) in the highly bootstrapped cluster (100 %), and clearly differentiated from the adjacent *H. nana* cluster (phylogram shown in [Fig. 2](#j_helm-2020-0022_fig_002){ref-type="fig"}). Interestingly, SK-EH constituted the most distinct sample within the *H. microstoma* assemblage, differing in 1.4 -- 1.9 % of nucleotides from the remaining samples. Ten nucleotide substitutions, five-base deletion (-CGTTG) at nucleotide positions 271 -- 275 and two-base insertion (+CA) at positions 107 -- 108, accounted for this difference. In the rest of *H. microstoma* isolates only single-, two-, and three-nucleotide polymorphisms were detected although the samples originated from distinct geographical locations (Australia and southern Europe). Furthermore, indels were recorded only in SK-EH among the *H. microstoma* representatives. The observed deletion (-CGTTG) is responsible for the absence of arginine in the corresponding protein sequence.

![Neighbor-joining (NJ) phylogram generated from the sequences of the ribosomal internal transcribed spacer (ITS1, 632 bp) showing the relationships among SK-EH isolate from European hamster in Slovakia and GenBank-retrieved hymenolepididae sequences. Numbers next to the branches indicate the bootstrap value calculated from 1,000 replicates. Only bootstrap values \>50% are shown at the branching points. Species involved in the phylogram: *Hymenolepis microstoma* (Hm), *H. nana* (Hn), *H. diminuta* (Hd), *Rodentolepis straminea* (Rs), *Pseudoanoplocephala crawfordi* (Pc), *Staphylocystis furcata* (Sf), *Staphylocystis schilleri* (Ss). Geographical origins of the isolates: AUS -- Australia, POR -- Portugal, SPA -- Spain, IRA -- Iran, UK - United Kindom, UKR -- Ukraine, FRA -- France, USA -- United States of America, CHI -- China.](helm-57-120-g002){#j_helm-2020-0022_fig_002}

Retrospective analysis of epidemiological data published in Slovakia {#j_helm-2020-0022_s_004_s_003}
--------------------------------------------------------------------

The search of scientific databases has not shown any publication reporting the presence of *Hymenolepis* (*Rodentolepis*) *microstoma* in the territory of Slovakia in the past. Likewise, no record on this tapeworm was included in the ´Synopsis of Cestodes in Slovakia´, confined to the period from 1955 to 1996 in small mammals, in the two articles involving findings of 114 taxa belonging to the family Hymenolepididae in Slovakia ([@j_helm-2020-0022_ref_018]; [@j_helm-2020-0022_ref_019]).

Likewise, no mention about the presence of *H. microstoma* was found within the retrospective search of annual reports of the Institute of Parasitology SAS, reflecting the occurrence of helminths in different species of rodents, soricimorphs and small mammals from a variety of areas in Slovakia. Specifically, *H. microstoma* was not recorded in brown rats (*Rattus norvegicus*) from 52 districts of Slovakia in the period of 1956 -- 1957 ([@j_helm-2020-0022_ref_034]), in 936 soricimorphs from 147 localities of Slovakia in 1958 -- 1960 ([@j_helm-2020-0022_ref_035]), in 2,302 rodents and 1,040 soricimorphs from the territory of TANAP in 1966 -- 1970 ([@j_helm-2020-0022_ref_036]), in 425 rodents and 98 soricimorphs from the Slovak territory of the Carpathian arc in 1986 -- 1987 ([@j_helm-2020-0022_ref_037]), and in 55 soricimorphs and 245 rodents from the surroundings of Košice city in 1985 -- 1988 ([@j_helm-2020-0022_ref_014]).

Discussion {#j_helm-2020-0022_s_005}
==========

Although *H. microstoma* was not recorded to date in any study of intestinal parasites of small mammals conducted in the territory of Slovakia, the present research documented its occurrence in the country. The parasite was recorded in two animals, in the common shrew (*Sorex araneus*) and in the European hamster (*Cricetus cricetus*), in two geographically distinct sites and ecosystems of Slovakia.

To our knowledge, these are also the first documented reports *H. microstoma* in Central Europe, considering that no data about its occurrence are available in the literature including records deposited in the Host-Parasite database of the Natural History Museum ([@j_helm-2020-0022_ref_015]). As the parasite was not included in the checklist ´Synopsis of Cestodes in Slovakia´, encompassing records from a number of local and broader surveys in Slovakia during 1955 -- 1996 ([@j_helm-2020-0022_ref_019]), it is likely that the mouse bile duct tapeworm was introduced into the Slovak territory over the last two decades.

The parasite was found close to Tatranské Matliare village in the vicinity of the protected area of the Tatra National Park in a common shrew (*Sorex araneus*). As far as we are aware, the present study also provides the first record of *H. microstoma* infection in *S. araneus*, which is one of the most common and abundant woodland micromammals in different types of forests ([@j_helm-2020-0022_ref_033]; [@j_helm-2020-0022_ref_042]), whose presence has also been confirmed in 90.3 % of the area of Slovakia ([@j_helm-2020-0022_ref_025]).

Two *H. microstoma*-specific DNA profiles (assigned as SK-CS and SK-EH) were identified among 10 hymenolepidid isolates examined with *pmy* and ITS-1 markers. In the partial *pmy* gene, the shrew isolate (SK-CS) has formed the subgroup with *H. microstoma*, thus differentiating this couple from the close *H. nana* with whom one of two main clades in the NJ tree inferred from *Hymenolepis-*deposited sequences was formed. The percentage nucleotide difference between the SK-CS isolate and the *H. microstoma* sequence obtained from a Portuguese mouse isolate ([@j_helm-2020-0022_ref_030]) was 4.86 %, which is a relatively high value, comparable to the interspecific nucleotide difference (4.21 %) between *H. diminuta* and *H. citelli* in the screened *pmy* region. Nevertheless, given that we have found no record of the *H. microstoma* grouping with any other species when *H. nana* was present as the closest relative in phylograms inferred from nuclear and/or mitochondrial data, and the strong genetic cohesiveness between the *H. microstoma* reference and our sample (their subclade received the bootstrap value of 84 %), the classification of the studied isolate as belonging to *H. microstoma* is highly plausible.

After analysis of the nuclear ribosomal ITS region, the hamster isolate (SK-EH) originated from an urban ecosystem in south-east Slovakia clustered with *H. microstoma* specimens from the two continents (Europe, Australia). Interestingly, SK-EH appeared to be the most distinctive sample among *H. microstoma* examined so far in ITS-1, differing in 1.4 -- 1.9 % of nucleotide bases from the remaining isolates that markedly exceeded the value of the average intercontinental base difference measured between isolates from southern Europe and Australia (0.14 %). The difference was partially due to the two indel polymorphisms associated with two and five nucleotides, respectively, the latter of which accounted for the absence of arginine in the protein composition. It has been found that especially during starvation, flatworm parasites including *H. diminuta* develop enzymes to synthesize arginine and urea, offering an advantage for osmoregulation and serving as effective nutrients in the fasting state ([@j_helm-2020-0022_ref_005]; [@j_helm-2020-0022_ref_038]). Nevertheless, some studies have suggested that arginine is not necessarily an essential amino acid for a variety of invertebrates including flatworms if ornithine can be synthesized ([@j_helm-2020-0022_ref_006]; [@j_helm-2020-0022_ref_051]).

With regard to the three most important *Hymenolepis* spp., phylogenetic analysis of nuclear targets herein employed corroborated that representatives of *H. nana* and *H. microstoma* form a strongly supported clade with respect to *H. diminuta*, which may have diverged from the common ancestral line earlier. Similar results with respect to the systematic position of these species were also obtained by other mitochondrial (*cox1*) and nuclear (ITS2, 18S) evidences (e.g. [@j_helm-2020-0022_ref_039]; [@j_helm-2020-0022_ref_031]; Olson *et al*., 2003; [@j_helm-2020-0022_ref_045]). Besides, studies on immunobiological characteristics and cysticercoid development from eggs suggested that *H. microstoma* is more similar to *H. nana* than to *H. diminuta* ([@j_helm-2020-0022_ref_053]; [@j_helm-2020-0022_ref_021]).

In previous surveys, *H. microstoma* was genetically identified in two consecutive studies by Macnish et al. (2002, 2003) in mice (*Mus musculus*) from Portugal, Australia and the United Kingdom, and in humans from Australia. In the Canary Islands (Spain), [@j_helm-2020-0022_ref_013] detected *H. microstoma* in 10.8 % of the examined house mice (*Mus musculus*) and in 0.3 % of black rats (*Rattus rattus*), but none of 13 brown rats (*Rattus norvegicus*) was positive. In twelve cestodes collected from house mice (*Mus musculus*) in Lima (Peru), morphologically and genetically (*cox1* mt gene) categorized as *H. microstoma*, lower genetic variability between specimens from Peru and Spain compared to Japan indicated that the parasite was introduced into Peru from a European country ([@j_helm-2020-0022_ref_016]). A close phylogenetic match to *H. microstoma* was also determined in the tapeworm derived from captive dormouse (*Muscardinus avellanarius*) in the United Kingdom ([@j_helm-2020-0022_ref_040]).

The dwarf tapeworm *H. nana* is the only cestode recognized as not requiring an intermediate host to develop into maturity under natural conditions ([@j_helm-2020-0022_ref_010]). The potential capability of the direct life cycle for *H. microstoma* (as another common feature with *H. nana*) has been discussed in the literature in the past ([@j_helm-2020-0022_ref_047]; [@j_helm-2020-0022_ref_032]), and later evidenced in immunocompromised mice by [@j_helm-2020-0022_ref_001] who showed that oncospheres penetrated the intestinal tissues and developed into cysticercoids and subsequently into the adult stage in the bile duct and duodenum when infected with parasite eggs. It is therefore presumed that the development of patent infections of *H. microstoma* in humans could more likely occur in immunocompromised individuals. Malnourishment, type II diabetes, alcoholism, cancer, HIV-infection, immunosuppressive therapy, etc. (e.g. [@j_helm-2020-0022_ref_024]; [@j_helm-2020-0022_ref_027]) are factors contributing to depression of the immune system and may enhance the development of infections with parasites such as *H. microstoma* in humans.

To date, the majority of published surveys in free-living and domestic small mammals reported the occurrence of hymenolepidid tapeworms based on coprological examination ([@j_helm-2020-0022_ref_022]). Due to striking morphological similarity of the eggs of *H. microstoma* and *H. nana* that are difficult to distinguish by morphology alone ([@j_helm-2020-0022_ref_012]; [@j_helm-2020-0022_ref_030]), it is possible that some infections of *H. microstoma* in animals and humans may have been previously misdiagnosed as *H. nana* ([@j_helm-2020-0022_ref_054]; [@j_helm-2020-0022_ref_041]). In addition, infection in humans may have been underdiagnosed due to sporadic or reduced egg shedding that was documented in *H. nana*, *H. diminuta* and *H. citelli* in response to factors such as the quality and quantity of the host diet ([@j_helm-2020-0022_ref_023]; [@j_helm-2020-0022_ref_043]) and can occur also in *H. microstoma*.

A recently indicated zoonotic potential of *H. microstoma* ([@j_helm-2020-0022_ref_032]) along with a possibility of its direct transmission between animals and/or humans without the need for intermediate hosts pose a public health concern in contaminated areas of Slovakia. In the present study, the use of molecular techniques has enabled identification of the mouse bile duct tapeworm circulating in the two animal populations of Slovakia and will greatly facilitate a more thorough understanding of the epidemiological situation of *H. microstoma* and related tapeworms in various ecosystems of the country in the future.
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